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(54) Title : KETO GROUP INTRODUCING ENZYME, DNA CODING FOR THE SAME, AND PROCESS FOR 
PRODUCING KETOCAROTENOID 

(54)36flfc>*fk h£*A»*. -tixS:=i-K-t-5DNA*5J:t/^ ViJvf-JJ KW«5t& 
(57) Abstract 

A polypeptide having the enzymatic activity of converting the 4-methylene group of a /Wonone^pound into 
a keto A^TSCcontaiLg thebase sequence" coding ^fi^^^^T^ KSSS 
with thl above DNA and contains the base sequence coding for the above polypeptide: still another DNA which has 
been inserted into plasmid P HP51 and contains the base sequence coding for the above polypeptide; a «wombui am 
vector containing the above DNA(s); a miaobe having the above DNA(s) introduced thereinto; and a process^ for 
producing a ketScarotenoid which comprises culturing the above microbe m a medmm and ^**?^ 0 ™* 
tewcarottnoid from the product of culture. The introduction of the above DNAs asforeign gene? into mKaobes. such 
as E. coti, followed by expression thereof makes it possible to impart to the microbes the capability of biosyndiesis i of 
astaxanthin, 4-ketozeaxanthin, canthaxanthin, echinenone and other ketocarotenoids. The use of such microbes makes 
it possible to mass-produce ketocarotenoids at reduced cost and labor. 
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JC^H^yhS^A^^ ^3-Kt5DNA, SDNA^t^IM^^ 

y-f Kttn y^'n^K^tti^Si LT> Xxp^ K^f-/U^>y-< Fig** 
t?*ii4Mvyuy^ K££/&gftlc<fc^T&/&£tl-5 (S& 6 EI#JBO o -f 77* 
U (C«fc«9£C«5K S^&OCSCDl'y^^r-^h'u 'J >K (IP 
P) tZ<Dm®.#T~&Zi;/?-Jl'7 l )Jl'Vai)>m (DMAPP) J0<*g£LTC10© 
y^;Uk*a 'J y$ (GPP) ^'4fi)t$tl> HKIPPjW&£LTC15©7 r ^;l/->;U 
£n<;>$ (FPP) m$*l5„ FPP(*> S£lPP£*!&£t£C<!:tC,koTC20 
©y^-^y^-zl't'D 'J ^8? (GGPP) ftlcGGPP|5l±^^LTs 

(Britton, G. , "Biosynthesis of carotenoids". Plant Pigments. London, Aca 
demic Press, 1988, p. 133-182. (Goodwin, T. W. ed. ) #M) o 

mwm&tt, te^#£##£E!cffl8Erwinia uredovora©* d ^ J <{ K 
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-tin? AZtitzflt&oliBl- J Kfe* 

T&3tf7*1f>^>££g£tr£::££°JfiilcL/c (m7EI#^) (Misawa.N. 
, Nakagawa, M. , Kobayashi, K. , Yamano, S. , Izawa, Y. , Nakamura, K. , Harashi 
ma, K. , "Elucidation of the Brwinia uredovora carotenoid biosynthetic pat 
hway by functional analysis of gene products expressed in Escherichia co 
li.", J. Bacteriol., 172, p. 6704-6712, 1990. N Misawa.N., Yamano, S. , Ik 
enaga, H. , "Production of ^-carotene in Zymomonas mobilis and Agrobacter 
ium tumefaciens by introduction of the biosynthesis genes from Erwinia u 
redovora.", Appl. Environ. Microbiol., 57, p. 1847-1849, 1991 RCfffl? 
3-58786-t£#R#j8Q „ 

^fe©^ YiJoi-J 4 *V >? ' QlzmftSEM 

Ml> 28, p. 219-227, 1990#JRQ 0 

7X^+-9->f-y®^Si<i: Ltli, »+7;f©¥^ BWhaffia 
©ig«$K *i&Haematococcus©&##K Rtm*&/dtffi <k 9 ff e»*ifcft^«J 
A<fcJS>*vr^So L^L. ffiffi**7SS©$SWB*flH***^ *©&$•*>» 
tfiOB{cJteK*te*<i:"rs*«t«l«!:0»«* < SliT?*t)s h£ 
H-TSo H#Phaffia©ig$$T'^ ^©IfflflSM^&STLj&^X^+lr:/^ 
>©£gfi;6<{£Wci6. SSB^Ifctii lc£A*i 3 X h ZgtZo tti, *P8SHaemat 
ococcus©ig**l$!J©*i£> *g«i${C7 X * +-9" >f - *W.£;)fc£&i£ L 
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toftmmmT'&Zo z.ni(Dztfrb±E2<D!k®&m(D7x**-*>?->tt^ 
: $WL&f8.mzjLZ®& s r *v >?■ yfr&ft&offlU'p-kS'a&iiQy) 

Sffc.fctK -?T*iZ#jt&i&m% Erwinia uredovora ^bflXIfSftT^-So Lfr 

£^©£111 ofco Itzfr^T, *B£T\ 7X9*-* 

lot, 7Xfi*-y->*>Zte]6f?2>'r h&£$Wr Vijvf-J 
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SfcHlfcs WE©* h**A***3-K««e?**ALfc|& 

*»W#«ttx ±E««**ft , r'<<«i«*»Lfctt*, H&Haematococcus 
pluvialis OcDNA^b^ hg^A&S^- K-rSitfc?£? o-^>rU 

^atfe^F^-iia^ii/^^^ ^-dna u ^^-dna z-xmm 
j ^mz^-f zit&tiKD $ - j * ; >3s©4&®y 

#fgiEte. 1iffI2©DNA££tifl&;l^*-£&&tSo Sb<c£fc, 

li> WE©DNA**ALfc*£«J*>SHJtt-S 0 *fcJ3iJ(C #»9IM; % ffigeoD 

1. *hg2*A8& 

**!&©* hg>j?A&&tt. &-4*J >lRZ&tZ4l&®<D0-4*; >m 
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t% r^g^tcae^ij^cDBejiJS^ i s ee^s^- 2 . £ fct*> 6e?u#^- 3 n 
<Dm\mm, 6e?>j§-t2, ttza, Beyij#^3ic;*$ns7 ws$ae^ov>< 

o^IcdUT^, ftW^'*^ttJ:^7; y &Be?ij££i!*-f &o 

yg$8e?"J©fg 1 #g©7 i (Met) ;&<&&LT^Sk©fc<t*kS££nSo 

Tx**y ^gTrt^+^f-V^lfctSCia^So 3-tK 
u^->-;5--('^y yJ8©4ft©y f-U>g£-!r hglclg&^-S d <b So 
*©H{*tttt#jCD l oi LT\ -lf7 + ^>f->^Sg(b LT4-y h-t?7*if->^ 

KT*S/S-^7D^>^-fe*7+^>^^« l^*(C2^0^--l'^y 

ftix+^/>&i;4-y nf7+-9-^^^^c> MKiS-f *y >s®4' 
& (4&<ti5igo ©y ^i/^s^y hSfce^$nsc itcfc^, -en-en* > 

2. ^ bS^A^ite? (bkt) 

So C©$HW«£0»Hi, lilfcHaeinatococcus pluvial is (NIES-144)«fc 0 * d 
>yZ*£Zbkti&B=F-X'&t), Ztl\t%%^m 1 W<DAfrt>DtT'<D7 I y$ 
6£?'J (B2?>J^©Be?iJS^ llc,T$tt<5 7 5 yfi8&7»J) > ^2EI©B^t>D*-ecD 

7WB£Be?'j (Be?>j^©fiej ? 'J#^2 ic^$ns7 ^ yKBeyj) s 3 ei© 
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K E?iJ#-f 2, *JJ:^EJiJS^3{C^$n57$y®fE^3-Kf SiggE 
E^OEJiJS^ 4 K^-fgSETiJ^ 3- K<S#T£*E7m©E?iJ§-t5 fc 
*tt* E?m©E?iJ#^ 4 > 5,6. ^^^7 (C^^nS^SE^J^-^OtO© 

bktitfiH^j (J£JT\ TBKTJ £ftif-*o ) , ?tet>*,^ *mVr hS^A 

tfrTgZ (JMEIM) o BKTWu 3 -h KD + i/-)9-^t y >$© 

4&©y hS«t^i *>T*£, 0j;Ui\ -fe'7*i>->^>£g 

t>'Cft£n- KtSDNAI^ fl&£Tl;:ft)£>ftT^£ £*©<k 9 U K 

tC*>T:\ ftlt&f&fflm Brwinia©*7D^y << K£/£iI£ : Pgk crtE, crtB. 
crtl atfcrtYS-ffl^-SCilcJ;^ *Ji§m^©&£<8j{C £ - # d 

Itzfr^T, BKT©£lT£>*£-*of-^-{?7*1J- XiCtl bBrwinia 
© cr titte^SMc ft* 0"C\ Erwinia©crt it^S^^^S;*:/! 
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®xm->r v *v >%mx7 >*&.mt z z ttfmttti 

-f hf-v-yfyfr* 3-t KD + ->i^^; nr7*-*>f->£*iT7 

\-**yyi-yfrbz - 1 Kn* 

£lT£i|£ftfc#&^S<h%;L£*U Z<D^-{i--UKPitm% t <Dm®t LT> 3'- 

mtZCt&X£Z>t%?LZ>tl2> (%9m&M) o 
3. DNA©Hi 

A^mmt6—D(D^mt, mm&tfLojj&izu^x. ^©ms©^^<it- 

#/tntf. C©tt3*£ji£}£J:9 fcifiii Haematococcus (ft^fttt *>©(cHaematoc 
occus pluvial is -^Haematococcus lacustris3£jo<£> 5) £mRNA£5Kf# L> 
tl*>t>^l»a-e cDNA5-<75 U-£ft»!U ;©7>r^5 U-^t»i*i5^X^ 

ftftftJCte, Haematococcus pluvial is ©£R N A£#Ht U t'J^f 
-dT3 OX-A- 080 ) £ffll>T#VA + RNA£ft®!^So C© 

>JJA + RNA^HSHcLT. i£tte¥B*£SUPBRSCRIPT RT (GIBCO BRUT 
D N A^^-JSJcLn ^V>TE. coli DNA B. coli DNA ^'J^-^ E. 

coli DNA RNase H (£TGIBC0 BRL)£ffi<^T 2 if.$k c DNA^fiKtSo 
L/:c DNA£*B§®fflf&3i / <**-pSP0RTl(GIBC0 BRL) cDNA 
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£.ti>*.Mm (±IEL/cBrwinia Ocrt 

Kft&ommfc&xmmfrbBwcDcDNAZft'Dzrvxi k&mu c dn 

AS-^ISg^? ^-pBluescript II SK+fc<fcr/pBluescript II KS+ (STRATAGEM) 

4. bktitfc : FtC/W7>J^X?-<5DNA 
^£*Tlc$m&©*i&Haeinatococcus ;6<#8i> l§]££ftT:fe^ 

^^•C(i*-5*<|nIC^^OPhaffia rhodozyma fc7X^^if>^>^cD^ h 
*7o5V << h'Z&J&tZCtAm&ZtlT^Z (Johnson, B. A. and An, G. -Hwan, 
"Astaxanthin from microbial sources", Critical Reviews in Biotechnology, 
11, 297-326, 1991) 0 fflxE LfcHaematococcus pluvial is NIBS-144©bktjt£ 

Haematococcus Ot^^ Haematococcus pluvialis NIES-144<!: li^CDjg-Ifctt^ 
3felcWt5iII©^^5 2i, i~tet>*>, Haematococcus lacustris UTEX 294 
(The Culture Collection of Algae at the University of Texas at Austin^ 
£#») . Haematococcus lacustris C-392 {#1Z±¥fem®L£.®W3Lm (31 

Cftt>©&'fe#DNA ; £I&I$S!U Haematococcus pluvialis NIBS-144<E>bktit£ 
%$<D^m&t), bkt©7*n-y(i 2«0©^3iSHaematococcus ©^-fncD&fe 
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*fSBJ3©DNA£tt#££ : F tlxm^Umm (ffl/U2\ *Mm, Zymomonas 
mobilis^ Agrobacterium tumefaciens) ■PWtH (Saccharomyces cerevisiae) ^ 

tlTV>£t>© % #J*.(df„ "Vectors for cloning genes", Methods in Enzymology, 
216, p. 469-631, 1992, Academic Press^ £«fct>\ "Other bacterial systems", 
Methods in Enzymology, 204, p. 305-636, 1991, Academic Press #J&) JcifS 

<*Bag^©it£T$A> 

(fc Sambrook, J., Fritsch, E. F. , Maniatis. T. , "Molecular clon 

ing -A laboratory manual." Cold Spring Harbor Laboratory Press, %\^.W> 
7 4H-2I8 4H, 1989 #J80 0 ^S&BTttfcitfe^SSSi;* &Ztz#>\Ztt, 
fitfttztfcl* (fc<hx.tf. Wii&<D "Molecular cloning -A laboratory manual. % 
1 7$m3H~m4 II"). 

„ tztUtt, lac ©yat- 
?*#ALfcfc©**»Blc:i»A"f Si«k^o *»I8##M\ lac ©:/n*-* 
-^££-rs*fl§gffl cDNAfe??*?*- pSPORTl (GIBCO BRL tt) 4^, lac 
<D7v*-9-<Dfc%.®') - K^^~^S^-5^|SJIC, Haematococcus cDbkt it 
fc^£#AU Cft£*B§&lC29ALjto 
<»#^<D*£iPa*A> 

Saccharomyces cerevisiae ^0ft*it&?®9A&<!: LTliU 
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-J ES*aj«Hr:'*- f«J#JBO o **T**itfc**f&3l3tfSA:*&lcM\ PC 
K * CPD 3<D7D*-*-43«fctf*-$ *-*-*JflV*T, 

fcf£5E*7-t? 7 h£ffi^U CO^ty^, S. cerevisiae CD'*? *- N 
fc£*tf* YRp& (»*ftfe#OARSE^J*tt«je^i-r*»«ffl^;i/^3if-/< 
> YBp£ (»ft02/£n DNAOttftijBjfe^oB^ffl^yUf-ae-^^^ 

**-Ki$AU cft*IMHz*A*-<5£J:^ aft&© rg*#®-a-'-W*x 

^ai^-J E^HiJ£-t?>*-fy\ B*ftS4~fc#£ABCi/'J-X r^R^jg©^ 
fcOitte^I^J $£§0fiJ> fcJirA Yamano, S., Ishii, T. , Nakagawa, M. , 
Ikenaga, H. , Misawa, N. , "Metabolic engineering for production of £-car 
otene and lycopene in Saccharomyces cerevisiae". Biosci. Biotech. Bioc 
hem., 58, P. 1112-1114, 1994 #J8D • 
< Zymomonas mobi 1 i's^©itfeT-^A> 

j -jU±mmm Zymomonas mobilis ^Dfl^ilfc^CD^A^ 
&m\z&Mtetg&&&&lZ&?)'nr> Z. ±t)<T'% Zo Zymomonas mobi 1 isT^it 

ymomonas mobilis ffl^?^— pZA22) £ Zymomonas mobil islcajA^S <h J:^ 
(4 1 tt^B> r Zymomonas mnvft^U J > B#&£fl:^£S£. 63, p. 1016-1 
018, 1989> jo.tr/> Misawa, N. , Yamano, S. , Ikenaga, H. , "Production of b- 
carotene in Zymomonas mobilis and Agrobacterium tumefaciens by introduc 
tion of the biosynthesis genes from Erwinia uredovora". Appl. Environ. 
Microbiol., 57, p. 1847-1849, 1991#H) 0 
< Agrobacterium tumefaciens^OiftfE^&A > 

li$J^Ji#fflii Agrobacterium tumefaciens ^OftJiki&B^O&Ate^ 
fe&miz&mte&&B&&tz&t)'i7? Z tfrZ'ZZo Agrobacterium tumefacie 
ns Trflfcitfc^fcS&SIStfSfcafcMU tt*i!fc^£:#ALfcf&3t'<**- 
(tzti.tf^ Agrobacterium tumefaciens ffi^ £ — pBI121) & Agrobacterium 

l o 
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tumefaciensJc^A^ - * 1 <U> (Misawa, N., Yamano, S., Ikenaga, H. , "Prod 
uction of jS -carotene in Zymomonas mobilis and Agrobacterium tumefaciens 
by introduction of the biosynthesis genes from Erwinia uredovora". Ap 
pi. Environ. Microbiol., 57, p. 1847-1849, 1991 #JBQ o 
6. %k$L®\z&Z>>r Yiiv + JJ Y&m (bkt &B=P%m) 

gSHaeroatococcusi^OTX^+^yf-^^i&fei^-Sy K&j£it 
7r^>'^t , o'J>i (FPP) tirto^y-r YtzlftrtK, -bX^rf-JV^y, 

LTl^OT\ ■r^T©«^«Jii**W«C*lfflftM««!liLT FPP £WLT^ 
5lit"T*5o Erwinia (DIjb?;* Y&tim&^Ult. 

FPP £gg<!:LT. Haematococcus cDbkt iftfE^g^Oggs ttet>*>. 0- ii 

d^>. -try*-* y?ytT-&i£Zitzz.kii<m&r-$>z> (%m&m) o %W 

■Xmmti^X^KmiZLtzW^.m, tUt>*>, Saccharomyces cer 
evisiae. 3-9 J — foQEMlRM Zymomonas mobilis. WfaffiMMtik Agrobacteriu 
m tumefaciens iz Erwinia ©crt iKc^SI^A U Cti$>(D®.£.W. ffi 

fiti2LT^£ (Yamano, S. . Ishii, T., Nakagawa, M. , Ikenaga, H. . Misawa. 
N. , "Metabolic engineering for production of /S-carotene and lycopene i 
n Saccharomyces cerevisiae". Biosci. Biotech. Biochem. , 58, p. 1112-111 
4, 1994. Misawa, N. , Yamano, S. , Ikenaga, H. , "Production of /3-caroten 
e in Zymomonas mobilis and Agrobacterium tumefaciens by introduction of 
the biosynthesis genes from Erwinia uredovora". Appl. Environ. Microbio 
1., 57, p. 1847-1849, 199K *><fctf. <&M¥3-58786*&#*JRO • 

Lfc*<oT, Erwinia &*<D*a?;j V&tfLi&& : ?-&t*%W<DD N A (Jfe 
litfNcWHaematococcus SfcOrtof-y-f K^JifcitfciPbkt) TP! 

l l 
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D^>&fi£f;:«&llftBrwinia uredovora <DcrtE N crtB, crtk crtY it 
fc^fcJ:t>'y hg£ABI&ii£^T&£ HaematococcusObkt aUc^SrAJIg^ 

&Zit6Z.t1)<T:£Z>o ttz. bkt j*{e^O^ l/^;WDi!gfiji^{c J: £/£4>RI1 

i + ^ / > ^r^ll't" (3 , Erwinia uredovora ©crtB, crtB % crtk crtY 

(0J;Uf, PACYC184) i:jfALfc^77; 
K (#J;itt\ pACCAR16AcrtX) % fcefctf, HaematococcusObkt Sk&tt&Mfi 
ftttmmH ?~ mz-tf. pBIuescript II KS+) icjfALfcyvX; K CM 

php5i cmi om&m.) ) om^x; vzxmm mm*, jmiod tea* 

^'7*1r >f- y^EfcjCj&gteErwinia uredovora ©crtE, crtB N crtk crtY, 
crtZ h-S^AH^itfe? T*S HaematococcusObkt it£^£ 

60 ttz, bkt jtffi^O*58^^^©WW«(c«l: 
*>£fl*+IBI*©4-<5r Hf7 + 1f>^>t>?i5C<t^T§5o flitf, *bs8£ 
ffll>T7X^+ir>f->. 4-^ h-tf7*^>^>*«f Erwinia 
uredovora OcrtB. crtB, crtk crtY , crtZia{K?££t;»rfr£;*;J!S& A ^* 

1 2 
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-.(M>Ltfx PACYC184) lz&Alfc7?Zi K pACCAR25 AcrtX) , & 

«fcU\ HaematococcusfDbkt itfe^^^trKf^^^JlS^^ ^ - (0>J;Ui\ pBlue 
script II KS+) IzWAltzT'yXi K (fBj*Ji\ PHP51) ©M7?*$ K£*l» 
m (0>J*.li\ JM101) (Caj*AU ^tl^^ W^tfs 7>f->'J>^D7A7i 
^3-;U^r#t;LB^i1b*^(12 0-3 7 "CtDig^&frT 

£##}ll:T'&£U 7-tr h^®t««ffi^T^Df Kfe 

^y^yte&xSk ->r h #7 *v ^frStfto Zo 

<3' -h Fn^i/x+t>; > N 3-h FD + ^i*^y 7x^3^^^ 

4f7 + if>f->^{C^||/<CErwinia uredovora ©crtE % crtBs crtK crtY> 
crtZ ii{£TfcJ;a'^ hS^A»^it<E?-C*-5 HaematococcusObkt itfi^^ 

4->r it ZZt&Z'ZZfr, v-ff--4>r H m 

LT^ 3*-h Kd*->x^^; y N 3-b Ko + ^i+^; >RCf7x- 
3 > f- yfrttEt Z> iit 5 o 

**WODNA-P***«$ny£bktafi?*ffl*^^5X5 KpHP51 £ 

$r££jWL/c»J©fc&©£* : DH5a(pHP51) 
^§t#-^ : FBRM BP-4757. 
gft^£B :¥/£6^7fl26B 

% l J^^ei Haematococcus pluvial is NIBS-144 Wr hS^A^itfE 
^ (bkt) ®&gBe?'J<t=i- K$n-S#'J^^^ RD7 * JWL&WZ*to 
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* 2 Haematococcus pluvial is NIES-144 <D>r r-g^AKt&itfc 

=f- (bkt) ©iggggyiji 3- K£n*tf'J^7f- KOI; yKK^ij^^^-o 

^3El(i. ^gg Haematococcus pluvial is NIES-144 ©^ KS3$AK^it{5 
=F (bkt) ©^SBe^iJis- K^n^^y^y^ K©7 ^ ygfK^J^^fo 

^4EI(i N H3g Haematococcus pluvial is NIES-144 ©y HS^A^J^itfe 
? (bkt) ££frDNAtt©ttSE7>J£^*-o 0*. A, B*J«k^C(i§fl^3 K>© 

»5Htts m4Ei{c^<ge?ij^,T-ro 

£6 Bite, jJ-*Df^?o*Df^ K&&JfcfiI&*jj*-ro 

^ 7 El<i> **^JS6<BiB Brwinia uredovora <Diju1-J -Y Y^ffiMSkt-h 

% 8 E3(i> Haematococcus pluvial is NIES-144 ©y h3£^A&&itfc 
? (bkt) £#ft£jjJcfffl® Brwinia uredovora ©7k&g$AB*£jt{5^ (crtZ) 

^9g|{ix Haematococcus pluvial is NIES-144 ©^ hg3*A&£itf£ 
? (bkt) <t#jfe£fiMHS Brwinia uredovora ©TkSfg^A&Jfcitfci 1 (crtZ) 

^1 OEKi, Haematococcus pluvial is NIES-144 <D>r r-&3IA8£3itjiI 
fc^ (bkt) &£tj2m<D7?X i KpHP5fc«tr>' P HP51 %7jk? 0 

pHP5(ipSP0RT lie, pHP51(ipBluescript II KS+IC, lac (Dzfu*-?-o\) 
- K^;i/-«rS^s*|SucffA$nT^5o «!ll8»*«I»f»(ittft©J:-5(c^iS 
SttT*$nT^* 0 S. Sail; Ss, SstI; P, PstI; Sp, SphI; N, NotI; X, Xb 
al: K. Kpnl; Sa, Sad. 

^1 1 Eltex Haematococcus pluvial is NIES-144 Wr hS^AK^it 
&=3r (bkt) ©Mifi3 b'>*£Vm&<Dm&&m£&U7 : U-i>3>7?zi K 

%\ 2EHi N *t$S Haematococcus pluvial is NIES-144 ©bktiife^©!. 7kb 
DNABrtf^yD-:/.*: 3«$© HaematococcusfCft-TS-tf-if 
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I/— >1~3 : Haematococcus pluvial is NIBS-144 
L> — >4~6 : Haematococcus lacustris UTBX294 
U->7~9 : Haematococcus lacustris C-392 

1 ,4.7: Hindlll^^ 
ls->2, 5 N 8 : PstI 
U->3, 6, 9 : Xbal ffiflitJ 



mmm i ] <t ismm^ 

fcte^&lf leffl WcHaematococcus pluvial iste, ItS&A tfllJ* • APeSSS^ 
"7* -5 A ( Global Environmental Forum )icgl§$ tiTt>£ NIES-144 

Haematococcus pluvial is£g#igitfc (8^i*x 0.2%, 6fc$^ h- V £ 
A 0. 12%. L-7^<7^V 0.04%, £ftv;7**:/*A • A7jOfo#J 0.02%, 

• -b7kf0$! 0. 001%, Jgftl^l'i/^A • r.7X=fD^ 0. 002%) 
20°C, 12NPM>n/12B»m« (20//B/m2- s)T?&4BIBMS*Lfco X, Haematococc 
us pluvialis <D7Z? *1r ^ >£fifc£!^-r£&{c, Haematococcus pluvial 
is NIBS-144 f*i£TO£&&«&45mM, «E»m-& • -fc7kfD<fe£fi&««450// 
MICttSJ: oKtlD*, 201C, ^fiE/m' • sTiftl2!$RUi£# LT, yXHb 

CUM 2 J Haematococcus pluvial is©£DNAcDgH&! 
Haematococcus pluvialis NIBS-144 ^^400ml©S*W(C<gg LT20t;, # 

^j^2o^B/m j • s , wm-v-'f ? M2^mw/i2\%mT'$)iBffligmLtzo i&mm 

fco &*tt©®#e#(C15ml©«ttigffi&(0.1 M Tris-HCl pH8. 0, 0.1 M BDTA, 
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0.25 M NaCl. 0.1 mg/ml Proteinase K ) : &1]Qz_Tffi. L < flLt£ L> 55°CT2i^P B 1 
SiLfct, 6000xg. 10#fH. 4VT'&foLTVi:®ito&mt)m*tZo ±fltfC0.6 
f£ffic7M VZfv*; -20 o C-?30ttfflft%lLtz&. 7500xg. 15$^ 
4°CT&>kL£o ttJ&LfcDNA£W#j£2ml0TE$ffi&(lOmM bD*-HCl pH8. 0, 1 
mM BDTA)T&#U Il07x;-;l/: ? d n*;UA(l:l)<!:Zg£ IT£6U 
±M*1to& LtZo K^^T80//IO5M NaCl iSmlOx^ y -;U^Ja^.T-20°CT30^ 
P^iALfc^ 12000xg, ISflfJk 4°C^vC>t^o MK70%x* y 
#j£'J >7Lfcl &&LT0.5 mlc7)TE$ffi&(10 mM Tris-HCl pH8. 0, 1 mM ED 
TA)fCjgfl?U 2. 5//1O10 mg/mlcDRNase A£ta;i^ t>©£Haematococcus pluvia 
MsCD^DNAfcfttLfco 

[^Jfe#J3] PCRICct^Haematococcus pluvial is ^^OcrtZtajSI^cD^SI 

Erwinia uredovorai Erwinia herbicolaCcrtZitfe^ 1 (Misawa, N. , Nakagawa, 
M. . Kobayashi, K. , Yamano. S. , Izawa, Y. , Nakamura, K. , Harashima, K. , " 
Elucidation of the Erwinia uredovora carotenoid biosynthetic pathway by 
functional analysis of gene products expressed in Escherichia col i . J. 

Bacteriol., 172, p. 6704-6712, 1990^ Hundle, B.S., Beyer, P., Kleinig, H. 

, Englert, C. , Hearst, J. E. , "Carotenoids of Erwinia herbicola and an E 
scherichia coli HB101 strain carrying the Erwinia herbicola carotenoid g 
ene cluster. ", Phytochem. Phytobiol., 54, p. 89-93, 1991) C3 - K?^l5 

No. 1 5' -CGNTGGGGNTGGCAYAARTCNCAYCA-3' 
No. 2 5' -CANCGYTGRTGNACNAGNCCRTCRTG-3* 
No. 3 5' -GCRTASATRAANCCRAARCTNACRCA-3' 
(N: A,G.C2fcttT , R: kttzltQ , Y: Cttzttl , S : A, G ttzte V 
No. l£No. 2&0'No. liNo. 3©^£:/5 ^ o THaematococcus pluvial i 
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s <D£mmi&%:8TWl£ tTPCR (polymerase chain reaction) £nrofc 0 S** 
SK^-fctl-^tU &100 ngOHaematococcus pluvial is <D£DNAjg^ £100 uU 
<Dm&7v <<-?- s 10 mM MgSO^ lxVent BufferOO mM KC1, 20 mM Tris-HCl ( 
PH8.8), 10 mM (NH<),S0<, 2 mM MgS0«, 0.1 X Triton X-100), 250 #M dNTP> 2 
U Vent DNA polymerase (New England Biolabs, Inc.) IcttSJ; 9 1-M£ U 9 
4t 308>|ffl. 55*C 301^, 72°C 30MT301M ? /K &tf94*C 30OT> 6 
Ot 30fj>Fdk 72T 30#RflT»301H' ? Jl<<DKm&QrT'?CR%:'i7K\ *ftl8c»ffi"P 

[^ttW4] Haematococcus pluvial isCD^RNAOI^SS! 
Haematococcus pluvial is NIES-144 #£800 mKDg^igilfelctlg LT20*^ 
ft&^O/zB/m 2 • s, l»e*W'^yU12NflBI«H/12Wiai« , Tftt4Hm*«Ls tt^T 

20°C> #&j£l25/*B/m 8 • s-ettl2NrRB«*Lfco 

3 ml£DIS0GEN-LS £fiT*5#lffliftB U 

n>l©*no*;l/A£;&n*.*:&, 15f*IB»L<«#LT3£IBK g&TifcgLfco 
12000xg, 150IHK 4 c C-e3S^LT±^^}fitflL^ 2 ml©^ V 7o> V 
x.T10#Pb1> £2&TJ!&B8L 12000xg, lOOT. 4VT'ft>bLtz 0 ffi^T70%x 
9 J -fr-Zfrmm*') y*ltz'&. ^LTlmlOTE^»^(10mM h- U X-HC1 (p 
H8.0), 1 mM EDTA){C&$Lfcfc©£Haematococcus pluvial is©:£RNA&$ t L 
/Co C©M#TM. 1 mgOrtrRNAW £ttfc„ 

[^ife#J5] Haematococcus pluvial isOcDNA^Sv -f 75 U -©t^SS! 

=/*x y ?X-dT30X-'<- (^Sig (#) ) £flH*THaematococcus pluv 
ialis©^RNA^lmg^t»^UA+RNA^JiSi!L^o $tt©Sa!&&9!ft© 
^ffl^lC^o/co Z.<DnW3&T*mu 0g©*H'J A+mRNA^rfSSSIL/Co 
cDNA©fp$!j(i> X-A'-x^'jy F^fA (CIBC0 BRtfi) 
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v\ mttoi&ww<Dmm%&&-B&%bx&.T<DM*)K'n ->tzo mag®**) 

A+RNA &m\,\ fflmmmol\®m&mmtl5mers<D* V 3dTfrbU2>&tfiWk$: 
LT&fe¥#&SUPERSCRIPT RTTffiMDNA^^L> ij^TB.col 
i DNA »;#-- If. B. coli DNA #V B.coli DNA RNase H£ffll>T2#lji 

cDNA*£j£Lfc8L fflH»*Sall©'J >*--&T4 DNA 'J tf Hi\ « 
»WlccDNAO±«*tt*<SalI«tt % # 'J AOTaWNotlWttlcttS «fc -5 Ltz 0 

cn^cDNAOif-rX^M^fT^s 0. 7kb~3. 5kb©fSffl©# 
iS££#>fco C®#iI©cDNA#j28 ng£35ng©cDNAfl^* * -pSPORT I (GIBCO 
BRL ft) £ Notl £SalIT?|HfcLfct>®££±*y h lc££ftTl>£ 7 -f Y- 

a >/< y 7 r -(50mM r- U X-HC1 pH 7.6, lOmM MgC12, ImM ATP, lmM DTT, 5 
X PEG 8000)RtfT4 DNA U #--tf£flH>T5 << V- : s a > Ltz 0 £ OcDNAf&S!^ 
?*-pSP0RT Hi, SalI$ft©±*ftlClac7*a*-*-£t>*> % *B§®rtTcDNA 

^TffioT, Molecular Cloning 2nd edition : Cold Spring Harbor Laborator 
y .1.21-1.41 (1989)0#fcfcft^THmLfc*:BS (Escherichia coli) DH5a 

h>%£T&ibtz&s Molecular Cloning 2nd edition : Cold Spring Harbor Lab 
oratory .1.21-1.41 (1989)0*ftlCttl\ KDNA&M Ltz 0 *0*S** 

0.6 bic©7 , 5X; KDNA*<#£*U cn^Haematococcus pluvial is® cDNA5§31 5 

Erwinia uredovora0crtZ$fl«0*7 d f- J 4 K^Jtfcitfe^SKcrtX, crtE. crtY, 
crtl, crtBitfe^) KpCAR16 (Misawa.N. Nakagawa, M. Kobaya 

shi. K. Yamano.S. Izawa.Y. Nakamura, K. Harashima, K. , "Elucidation of the 
Erwinia uredovora carotenoid biosynthetic pathway by functional analysi 
s of gene products expressed in Escherichia coli." J. Bacterid., 172, p. 
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6704-6712, 1990. & WIW3-58786-f &$8#M) ©BstE]]#Kfc> Klenowg££& 

tr/cSL yS-^u^y^JC^SnccrtE.crtY.crtl.crtBitfe^^^t; 6. OkbOAs 
p718(KpnI)-BcoRl»rtt*tt9lilLfco C©»f^^J»m<^ * -pACYC184 (ATCC 
37033 £<9A^) ©EcoRV6fl&K#AU BfittZ"??* i K (pACCAR16Acrt 
X£<ft£) Z'&tzo C©pACCAR16AcrtX^W^-5»^H®W. ?D7A7i^3- 

(2) hS^A^«e?©x^ 

yF*Df;-f K«n Haematococcus pluvial isrtTtetf d^>£&T££ 
J&cF tl<5 <s>tl<5 (Bri t ton, G. , "Biosynthesis of carotenoids". Plant P 
igments. London, Academic Press, 1988, p. 133-182. (Goodwin, T. W. ed. ) # 
m) o -ec-e±IB©pACCAR16AcrtX^^1-*^cli^JM101^)9-^D^> (H 
fe) «^Sdt*ipJfflLT. C©*MlC±E©cDNA»£5-f75y-£* 

Molecular Cloning 2nd edition : Cold Spring Harbor Laboratory , 1. 
21-1.41 (1989)CD3-&£flHu pACCAR16AcrtX&&frTS:*:ii§&JM101©:J > t* 

^1CD3 >t'f> r-4?;H mlfcftLTlOO ng©cDNAfg?i-5>l'7*5 'J 
AU #4}Jj@©ffmfe&&IC*tLTX* y-->7V&m\ flfeOtttfeW*^ 

tt*Js C©#*<^LTl>*cDNA?£^75 7;$ K£pH 
P5<Jr^=S L/Co ^77; KpHP5©«^^miOEI(C^-to 

tnmm 7 ] y h s«A»*a^©«sffi?ij^ 

pHP5Kjf A £*1TI *3 Haematococcus pluvial is&3fe€>l. 7 kb cDNA£#JP8Ifc$£ 
SalliXbal T*®*)&1. ^IM^? * -pBluescript II KS+fcJ: tfpBluescrip 
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t II SK + <DSall/XbaIg{M4K}$ ALT. 2fi©7-5XS K (pHP51*5 J: LF r pHP52i 
£8fco :®^^5X; KpHP51CD«||S**iftH*»10BltC^-^ o pHP51 
S.O'pHP52(i, ZtlZ'tl, _hfecDNAj&<lac©7 , o*— *-©tf- KX/U-fcgtfS 

* isi a tf£ fc<< ^fl ic # A $ nr *> © t? * s • 

■^*^ft*#f^«*fT^, **l&lzo^T«[*E?lJ©tt3fe*1f o/co PHP51WS 
acliXbaliTtfjgU pHP52(iKpnI iSal I tT'ftM ItiVt* 7 i ;-;^dd 
*;UAtttfi*fTl\ x*y-*ttlRlC«fct)DNA*I5|JRLfco <eft*'n©DNA£lOO 
^10BxoIIP<«y 7 r - (50mM Tris-HCl, lOOmM NaCl, 5mM MgCl t , lOmM 2-> Jl 
*yhx^;-;k pH8.0) K&ft?U 180J.^.y hOBxoIII? ^ b7-4?^r*DX. 
T3VCT"&M.Ltz 0 30^CT«i:IC10 /£ 1 <DRfefemZV>7>) >7lT, 10 ^1 
OMB/<.y7r- (40mM NaCI, 2mM ZnCh. -tr n-;k pH4. 5) ©Aofc 

10»IB«aLT***5«cfi**A:a. 5a-y b©v>7*t*- >7 * 1/7- tf* 

5X= KOo^Tloao^tl^n^OSS^RttSDNAIlffJt^IIIiRLAio 0$ 
LfcDNAtiKlenow S^fc«fc9*«*¥HHfcU 16t\ 4 f-i/ a >Rlt>l 

fcfifc* *»BDH5a£J&Rte!fcLfco »&ftfc«*©* d- 7lco^T7*5* S 

&£Lfcl677 «*f (bp) fr&tt*E^J**MBI;fcJ:tf3fr5BI (E?iJ#^ 

4) ic^-to *-7->y~r4 7i/-Ai**©*s*s *B§Brt-ef&5E-r* 

©ic&5tt 'J ^7-A|S^Wtt*Bl»&3 K>©±8K<c#o3o©;*--7*>l> -r 
^>/7L/-A (1fllEI©A~D (K?iJ^©E?"J#-*f 5 „ Sff2El©B~ 

d (se?ij^©5e^j#-t 6 K7pt) > s&3EI©c~d (E7>j*©e*j#-9 7 

^bttSCiri^x *MH©C«T»0ffitffco^Ttt±K©*-7':/«;- 
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K>©pr*6tt*<*S«tttt % 5*3r (£g&gl68~17(k 189~19h 264~26 
6. 348~350, 423~425, cn£©&©te^ll0(£M>T#Tffl£>nT^<5o ) 
#4t5o ^11E|{C^^M^3 K>IC*Jtf S168 &©igS, 189 fcJ; 
^264 ftOigSti, *ft*'tu *1H©A % ^20©B> 3 EI©CT* 

#-^i±gft^ttl^^-9 u o cnt>^5X= K£^*feffl6 lcfgL*:pACCAR16Acr 

tx£«i$* a*»«juioi«c*nera*AU *©&£fe*£i»ijfeL:fc*£jik 

30, 27. 3K 37, 12©*£75X$ K*«»f S*B§8T?M:, 
><D&£.t)WtbZ>tltzjb<, #^10. 6 N 38Ttet8a6£ntt^o/c 0 #-fl2 
©1#&, ^S&g264~266©^3 K>ATG©A*T'*<X^LTV^*^ KfcgSt 
^f^/aLfcBEICCOATG*<GTG<J:^f?, AB&gttGTG-e feUfl&n K>£»»L? 

So L£;6<oT264~266©l8#}3 K >£TF©*-"/> 'J -x* (S& 

3®©c~d (Be^js©Beyij#^7jc^-r 0 ) ) K3ns#y*v/* k« 

[H8E0J9] r h^D^y 4 Kfe&©|5]£ 
( 1 ) *7>**-9->^>©|S)£ 

pHP5*/c(ipHP51^/9-^7D^>S^B»®JM10UC«ALfcfc© (*B§8 (pAC 
CAR16AcrtX, P HP52 /clipHP5D) (&fe£MLT^£) £ 150 #g/ml©7> 
h'->U> (Ap. Bflfc&mg!) N 30 W g/mlO^D5A7x-3-;l/ (Cm, 
$1!) x 1 mM©IPTG> 7 mg PeS0« • 7H,0*5 J:t/9. 3 mg Na, • BDTA££t?2YTi§*(fc 
(1.6% h'J7h^ 1%>T-X hi + X, 0.5% NaCl) 2«; y h;WT% 30t, 24 

2 l 



WO 96/06172 PCT/JP95/01640 

~3oi*isa«*Lfco t&*mfrs>3kmitzm#>£:. 300 mi ©7* h^c^^ai 
L/co c:n£«*s&, 200 mi c^DDtw^;-^ 0/0 7?2ieittdJ 

U SflS&SLfco $t>{C, cft£/J>*0?nn*/l/A/y*y-;t/ (9/1) ic 

*9J-fc (50/1) TSM-rSCtlCfctK o-7 h 7 4 - (TLC) & 

fiitzo COTLC tC«t *?> ***y HiRftt0.53* 0. 78&«fctfl <D3X*.y 

*>n/c 0 »iB*n/sfe*^#o75«iciaa*rs*t>«i^fefe*(Rf 110.53) 

(9/1) t7rfnLH-20*7A^D7 h ^'57^- (15 X 3 

00 mm) fcfrtf* ^DnW/^;-;P (9/1) -egBflfcfcHI-* C t fc<fc 0 % 
ttffi*2 w'&tZo *<toM(D%H-*lftZ'<9 bJK 'H-NMR, FD-MSX^? (m 
/e 564) . >'J J] ¥ MIZ<D®®I& a v *JlA/ / J -JU (50/ 

1) TJSBJJTRHIO. 53) ri<, /7>^+-9->^>©^ftlD n p (BASF*±!8!) t+^T- 

*tnicffiaj$nfcfe*<Dio*(;:«£*s#fefe* cue trhso.78) 

TLC 7 U- 'PR®/ ? J -JUlZfefrltZo C pI 

ftx***h;k >U #y/i/rLC©#S&& (^dd^W/^;-;|/ (50/1) u 
Jg^TRf^lO. 78) % *S«fcU\ y><'<? ^HR6^C,.(3.9 x 300 mm) (**-*- 
Xtt$i!) £fflW;HPLC©#Ifr& (7-trh^M/U/ y*y-/l//2- 7d^V-^ 
(90/6/4) T* 1. 0 ml/ #©&&-C ! 0JgBflT : RT16#) i»)i + ^;> (fifitiUiSS 8 

DSrTLC ^U- 4>«©;< ^y-;HC*^Lfco Z(D&%<Dmft 

-^1X^^ h;K *sJ:0\ *HR 6// C. (3.9 X 300 mm) (V*-? 

-Xifcll!) ^ffl^/cHPLCO^IiS (7-fe h- h U*/> ^/-V2-7 # d/V- 
71/ (90/6/4) -?1.0 ml/ #©&j£T©SW)TRT62#) $ - U a T > <D&& 
no (*-J\<h7>xm, Sigma ttJS) Ltztzib, *®ntt*:Kfc<D 

fi-ijul-y m&l£im 8 H*fB) TiKi^o/:. 
(2) 7X^t>f^ 4-^r h-t?7*-9->* >©|S!5£ 
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*T*-y-><f->m±jzmmZfc<D£ ; DlZlTr?®lfco tUt>*>. Er. uredov 
ora <D ^^nf-y^ b'&f8.&B?m*1it h 7? X $ K pCAR25 (Misawa. N. , 
Nakagawa, M. , Kobayashi, K. , Yamano, S. , Izawa, Y. , Nakamura, K. , Harash 
ima K. , "Elucidation of the Brwinia uredovora carotenoid biosynthetic p 
athway by functional analysis of gene products expressed in Escherichia 
coli". J. Bacteriol., 172, p. 6704-6712, 1990*5 J; 0*^^3-58786 ^) <D 
#mm% BstEII #Hb> Klenow fragment 5 << Y- > a yfcfeZ'n o d £ 

K<fctK crtX 51^^7 1/ -A-/ 7 He «fc 9 ^7^>^>m 
$HZ&mtecrtE, crtB, crtU crtY> crtZ 6.5 kb Asp718 (Kpnl) 

-bcori mxzvwtzitzo % lt> zQmxzxmmn*- pacyci84 q e 

coRVS&'iKjfAU Stfttt I Y (pACCAR25AcrtX£<ft£) tmtz 0 

pHP5£ tz (ipHP51£ C O-tf 7 + -9- > JM101 lca*A LtzbO (*Bg 
£ (pACCAR25AcrtX N pHP5£ fctepHPSD) agfe£MLT^3) £ 150 tfg/ml 
Ap. 30 //g/mKDCm, 1 mMOIPTG. 7 mg FeS0< • 7H«0;fe<J: 09. 3 mg Na« • EDTA£ 
£02YTig$ 0.5% NaCl) 2'J«y r-yUT. 

30<t\ 24-30^W«#Lfco Lfc»#*> 300 ml ©7t h >(C 

cfc<9$tH L/c 0 cn^Sil 200 ml CD? dd*^ (9/1) T 

(9/i) {c?gi»^ y juntmoftmmfv xfjinc^u- b^m^x, ?a 
v*>\>i*// (is/0 -cmmtzztic*^ nm9v?h757< 

- (TLC) Zftitzo TcOfifefefcttx CCDTLCKJ;^ ±gX#-y M*> Rf jg 
0.40. 0.54. 0.72©3X*-y blZftfrtltz 0 Ctlt>©fe&£. TLC7U- h^t>, 
ibtO^DD^/PV^^;-^ (9/1) lcfe#U t7rf^ 
^LH-20^5 A? d-7 4 - (15 X 300 mm) ? uu*)VJ±/ 1 9 

(9/D -zmmm&tzctiz&io^ zti?ti, m mg> 

1 mg. 2 mg»/Co 

bJK 1 H-NMR. FD-MSX^? h/l/ (m/e 596) 7 X? *V > t 

m-OW-ffim&Zft-obOT'&ZZtfrWfrlzK^tZo i>xf-/l/X-r 
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;U : 2-ypAV-;V : J -Jl 5:5:2 lefcjtfU CDX^^ H^^fiiJ^Lfc 
iC6> 3S, 3'SOil^ii^«i:-5C<i:^^o/ < :A:a6, ##j:g£7 X ? > 

*y (#jftsa;ii» 8 ig#jBO iisj^L/co Rf o.54©fe3t(i x *©&#.- 

°ftlX^ b;k 'H-NMRs FD-MSX^^ (m/e 582) % fci^ •> 'J # y ;I/TL 
CO&Wjfc (? 9 ; -jls (15/1) -COMHraffflO. 54) 4 

h-tf7 + 1f>^> (4*£iUi£ 8 B#JR) tmfeZtltZo Rf 0.40 

©fe&fcU fcfl-nTfcZ'** h;K •> U * y^TLC©»»* (^Dnt>W^ 

(15/1) -?Jg&8T'©RffilO. 40) . fc<fctf, y :?HR6tfC,,(3.9 x 

300 nun) (? *-?-X*±8!) WcHPLC©#«/& (7-feh-MyU/ *5 J 
-JW2- 7v'*;-MWB/4)T?l.O ml/ #©&gT-©JgM-eRT6. 5 #) *<-t?7 
*V>?XDmm& (BASFttftH) i^-^T-HcL/c^fe, »lff{;J:*5i£;©-fcf 7 
(ffi&iUilf! 8 G9#J») T*5CiW-,fco 

^Jfe0>J9 (1) «k*K Haematococcus©^ hga*A$£iIfc? (bkt) te, 
□ ?->£gg£LT. >£*!Trt>**1f>f->^©£&£M l &^£y 
b&3>A8£ (^-carotene ketolase) £a- K LT^S C ttiW^TfcS 
8E1#JI8) o C©C<btel o©»$BKT>o</S->f*y >$©4&Rtf 4' &©> 

£#o&&{i<^£TftbttT^te3&>o /;*>©-?&*<, $£IC, HJfe^J 9 (2) «fc?) N 
Haematococcus©bktitfe?(i> ±12 ©Steele, -If7+t>f >^SIi L 

£A&& (zeaxanthin ketolase) — K LTl^S C £ it*Mfr~C &> Z> 8 EI 
#JKO o C©C tii 1 o©&£BKT;6< 3 -fttf 3' - t Yu*i/-$-'<* J >£© 

*<oT. Haematococcus©^ hS^A^JRilfS^Fbkt fcL 3& (3* fc) ©&g 
iCTkKSWinLT^S LTV>tt^tc;&>j&N*>*)tt< N 4&(4' {4) ©y?-i/> 
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*r bS3IAS£& (/S-ionone or 3-hydroxy-£-ionone ring ketolase) £3- K 
— tl^SSilfflmBrwinia^^filciifflSRhodobacterfD^af-y K&J&itE 

LT^-fb-f-So Lfc#oT. Rhodobacter©7>f r-xvrtf^n. 5 — tfitfe^crt 
£ni£Brwinla©crtY*fMI3'£S^ y oX#l/>«C*J^« U a hf>t*a 

of (Linden, H. , Misawa, N. , Chamovitz, D. . Pecker, I., Hir 

schberg, J., Sandmann, G. , "Functional complementation in Bscherichi 
a coli of different phytoene desaturase genes and analysis of accumulate 
d carotenes". Z. Naturforsch. , 46c, p. 1045-1051, 1991) „ ttz, #$8§UIC 

*<afA$tl/c4 h-t?7*1r>^y#£ji££nSo BKT*<Sg©¥#© 
^^^r^lSILT4fecr>ti:liicy hS*»At4^bi^5CiA<t^5 0 
BrwiniaOcrtE> crtB> crtk crtY> crtZ alfi^ fc^* KfiELfcJ: 

ZZiZMWfttEtZt. 0-9 x )~f f-*1r>f- >£S!S<!: LT3' - 1 K 
u*i/x.**J >^f>3-t Ko**>x**y C<bJ0<T^ S^K, £ 

tt^fcfeTi&StSfcttSo Haematococcus<hft/,-eft£tt7X**-tr:/ 
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^>gg£$fc£^T££Phaffia rhodozymaKfc^Tte, >*Mft 

(Andrewes, A. C, Phaff, H. J., Starr, M. P., "Carotenoids of Phaffia 
rhodozyma, a red-pi gmented fermenting yeast". Phytochemistry, 15, p. 100 
3-1007, 1976) o J£Lk®C£«J;{K % 8 EHc^ LA:7X**-* >f- 

[^Jfeffll 0] ffe©*|gfcHaematococcus ©ftfe#D N A te*f^S1Mf >£#r 
flbOH^Haematococcus ®^fe^±»c^«t I fcbk t <h £ 
Lfc 0 ^fe0J2 KfBLfcHaematococcus pluvial is NIES-144^ 
£<D£DNA©IBSi!&£|nJ L^ftTHaematococcus lacustris UTBX 294<tHaemat 
ococcus lacustris C-392 <D±D N A£SSS! U Haematococcus pluvialis NIBS 
-1440£DNA££lc$)Jpg&&HindIIU PstI&SWiXbaIT?8l<fl:LT7#a- 
*y^*ft*»«T?a«Lfco #*tL/cDNA»rJt£0.5N NaOH % 1. 5M NaCl © 

-tt/Co DNAj0<R*Lfc*-'f" o>y V/l/^^/N-f yijy^Hf-v/a (6 
xDenhardt s 5 xSSC , 0.2X SDS, 100^g/ml ssDNA) £jg U 4 B#R8s 551CT' 
7L"W ^-tr--> 3 y^-lfo/co &{cbkt£{£?©1.7kb DNA»rfr£Meg 
aprime™ DNA labelling systems (77>>tA) £ [a- 32 P]dCTP (~110 TBq/ 
mmol) i^ll>ti!WI:U ±SB©7' U'W 7 ^ -If- 3 >&&JC#n;LT16 

xssc, o.ixsds -e60t, i tfiyjflsfru -t-YJv*??? < -\z.&^xmm 

fe.&Tjiti'yi-Jl'&tktii Ltz&g;, Haematococcus pluvialis NIES-144-etix Hi 
ndlll $MlT15kb, lOkb, 1.9kb > PstI?8Mn?(;l6. lkb N 3. 3kb „ 2. 8kb , 
2.3kb % 2.0kb % 1. 4kb , 0.8kb , Xbal^{b^T5. lkb ©&g(C-tn<£'tlgH> > 
7 j-JlA<& Z>tl1z 0 CftKJfLT, Haematococcus lacustris UTEX 294-?(i. Hi 
ndlll ^^b«5T15kb, 7.7kb , 1.9kb , PstltfHb^T'lOkb. 5. Okb % 4. Okb . 3. 
4kb . 2.9kb . 1.5kb N 0. 82kb, XbaItfHfc#reii20kbJ£U:<DD N AOttlAItfi: 
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%tl-*?tl 1 &K^>?'i-Jl'fimt>tl, Haematococcus lacustris C-392 T'li. Hindll 
I m<b1»Tl5kb. 12kb, 1. 9kb > Pst\ffiit®X'ii6. 5 kb, 3. Okb > 2. 3kb , 2.0k 
b % 1.4kb , 0.8kb % XbaI$«IT'W:5. 3. kb©{4gjc*n-ena&l> ^^-;U*<|i 
btlfc (SB12EI) o 

ggl±©f"Jffl*Tfiitt 

W© D N A £tt*itfK^£ LT*»»*©*£tofc*A U $ * -5 z t K ck 

■*yy=f-y, i+^y^ zcd®.®* hg^fry hrto^y K©&£/£tl&tt 
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K^JS-t: 1 
E?iJ©S£ : 3 2 0 

: Haematococcus pluvial is 
j*£ : NIBS-144 

&m 

Met His Val Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu 

15 10 15 
Ala Ala Ala Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin 

20 25 30 

Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu 

35 40 45 

Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr 

50 55 60 

Met Ala Leu Thr He He Gly Thr Trp Thr Ala Val Phe Leu His 

65 70 75 

Ala lie Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His 

80 85 90 

Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser 

95 100 105 

Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe 

110 115 120 

Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly 

125 130 135 

Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn 
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140 145 150 

He Cys lie Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His 
155 160 165 

Arg Lys His Trp Glu His His Asn His Thr Cly Glu Val Gly Lys 
170 175 180 

Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 
185 190 195 

Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg 
200 205 210 

Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met 
215 220 225 

Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala 
230 235 240 

Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu 
245 250 255 

Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 
260 265 270 

Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr 
275 280 285 

His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro 
290 295 300 

Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu 
305 310 315 

Val Pro Ala Leu Ala 
320 

BE?iJ#-*§- : 2 
E?iJ©g£ : 3 1 3 
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May- : m$m 

£^£1 : Haematococcus pluvial i s 
: NIBS-144 

Met Val Clu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp 
15 10 15 

Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser 
20 25 30 

Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro 
35 40 45 

Ala Ser Asp Ala Lys Gly lie Thr Met Ala Leu Thr lie He Gly 
50 55 60 

Thr Trp Thr Ala Val Phe Leu His Ala lie Phe Gin He Arg Leu 
65 70 75 

Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 
80 85 90 

Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His He Ala 
95 100 105 

Ala Val Phe He Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He 
110 115 120 

Thr Thr His Asp Ala Met His Gly Thr He Ala Leu Arg His Arg 
125 130 135 

Gin Leu Asn Asp Leu Leu Gly Asn lie Cys He Ser Leu Tyr Ala 
140 145 150 

Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His 
155 160 165 

Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 
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170 175 180 

Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr 

185 190 195 

Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Val 

200 205 210 

Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val Phe Met 

215 220 225 

Ala Ala Ala Pro lie Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly 

230 235 240 

Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser 

245 250 255 

Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 

260 265 270 

Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu 

275 280 285 

His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

290 295 300 

Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

305 310 313 



: 3 

BE?'J©g$ : 2 8 8 

£M%i : Haematococcus pluvial is 
: NIES-144 

B2?i] 
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Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His 
15 10 15 

Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr Met Ala 
20 25 30 

Leu Thr lie He Gly Thr Trp Thr Ala Val Phe Leu His Ala He 
35 40 45 

Phe Gin lie Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu 
50 55 60 

Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser 
65 70 75 

Leu Leu His lie Ala Ala Val Phe lie Val Leu Glu Phe Leu Tyr 
80 85 90 

Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr He 
95 100 105 

Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys 
110 115 120 

He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys 
125 130 135 

His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro 
140 145 150 

Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser 
155 160 165 

Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 
170 175 180 

Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 
185 190 195 

Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg 
200 205 210 

Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly 
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215 220 225 
Pro Ala Ala Cly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr 

230 235 240 

Ser Clu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe 

245 250 255 

Asp Leu His Trp Clu His His Arg Trp Pro Phe Ala Pro Trp Trp 

260 265 270 

Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro 

275 280 285 

Ala Leu Ala 
288 



mm^ : 4 

: l 6 7 7 
6£7IJ©M : mm 
«©»[ : -*M 

tt&lom® : c D N A 

mm 

: Haematococcus pluvial is 
: NIBS-144 

CGGGCCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 60 
GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 120 
CTCCGTCCTC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGAATG CAC GTC 176 

Met His Val 
1 

GCA TCG GCA CTA ATG GTC GAG CAG AAA GGC AGT GAG GCA GCT GCT TCC 224 
Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser 
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5 10 15 

AGC CCA GAC GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC 272 
Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin Tyr His, Met Pro Ser 
20 25 30 35 

GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA CCT 320 
Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro 

40 45 50 

CCA GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT GGC 368 
Pro Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr He He Gly 

55 60 65 

ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA CCG 416 
Thr Trp Thr Ala Val Phe Leu His Ala He Phe Gin He Arg Leu Pro 

70 75 80 

ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC ACA GCC 464 
Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala Thr Ala 

85 90 95 

CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC 512 
Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His He Ala Ala Val Phe 
100 105 110 115 

ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC 560 
lie Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe lie Thr Thr His Asp 

120. 125 130 

GCA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC 608 
Ala Met His Gly Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu 

135 140 145 

CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG 656 
Leu Gly Asn He Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met 

150 155 160 

CTG CAT CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG 704 
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Leu His Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly 

165 170 175 

AAA GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC 752 
Lys Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 
180 185 190 195 

GCC AGC TTC ATG TCC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG CTG 800 
Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu 

200 205 210 

GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT 848 
Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 

215 220 225 

CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC CTC 896 
Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu 

230 235 240 

TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA 944 
Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala 

245 250 255 

GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA ACT GAG GCA 992 
Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala 
260 265 270 275 

TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT GAC CTG CAC TGG 1040 
Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp 

280 285 290 

GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC TGC 1088 
Glu His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

295 300 305 

CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGACCTGGTC 1137 
Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 
310 315 320 
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CCTCCGCTGG TGACCCAGCG TCTGCACAAG AGTGTCATGC TACAGGGTGC TGCGGCCAGT 1197 

GGCAGCGCAG TGCACTCTCA GCCTGTATGG GGCTACCGCT GTGCCACTGA GCACTGGGCA 1257 

TGCCACTGAG CACTGGGCGT GCTACTGAGC AATGGGCGTG CTACTGAGCA ATGGGCGTGC 1317 

TACTGACAAT GGGCGTGCTA CTGGGGTCTG GCAGTGGCTA GGATGGAGTT TGATGCATTC 1377 

AGTAGCGGTG GCCAACGTCA TGTGGATGGT GGAAGTGCTG AGGGGTTTAG GCAGCCGGCA 1437 

TTTGAGAGGG CTAAGTTATA AATCGCATGC TGCTCATGCG CACATATCTG CACACAGCCA 1497 

GGGAAATCCC TTCGAGAGTG ATTATGGGAC ACTTGTATTG GTTTCGTGCT ATTGTTTTAT 1557 

TCAGCAGCAG TACTTAGTGA GGGTGAGAGC AGGGTGGTGA GAGTGGAGTG AGTGAGTATG 1617 

AACCTGGTCA GCGAGGTGAA CAGCCTGTAA TGAATGACTC TGTCTAAAAA AAAAAAAAAA 1677 

6£?iJ#^ : 5 
mm<DM:Z : 9 6 3 

uznow. : mm 
titmomm : cdna 

*EM%x : Haematococcus pluvial is 
: NIES-144 

ATG CAC GTC GCA TCG GCA CTA ATG GTC GAG CAG AAA GGC AGT GAG 45 
Met His Val Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu 
15 10 15 

GCA GCT GCT TCC AGC CCA GAC GTC TTG AGA GCG TGG GCG ACA CAG 90 
Ala Ala Ala Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin 

20 25 30 

TAT CAC ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA 135 
Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu 

35 40 45 
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AAG CAC GCC TAC AAA CCT CCA GCA TCT GAC GCC AAG GGC ATC ACG 180 
Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly He Thr 
50 55 60 

ATG GCG CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC 225 
Met Ala Leu Thr He He Gly Thr Trp Thr Ala Val Phe Leu His 
65 70 75 

GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC 270 
Ala He Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His 
80 85 90 

TGG TTG CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA AGC 315 
Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser 
95 100 105 

AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC 360 
Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe 
110 115 120 

CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG CAT GGC 405 
Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly 
125 130 135 

ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC 450 
Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn 
140 145 150 

ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT 495 
He Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His 
155 160 165 

CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA 540 
Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 
170 175 180 

GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC 585 
Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 



3 7 



WO 96/06172 PCT/JP95/01640 

185 190 195 

GCC AGC TTC ATG TCC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG 630 
Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg 
200 205 210 

CTG GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG 675 
Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met 
215 220 225 

GCA AAT CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA 720 
Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala 
230 235 240 

TTC CGC CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG 765 
Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu 
245 250 255 

CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC 810 
Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 
260 265 270 

AAG ACA AGT GAG GCA TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC 855 
Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr 
275 280 285 

CAC TTT GAC CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC 900 
His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro 
290 295 300 

TGG TGG CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT GGC CTG 945 
Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu 
305 310 315 

GTG CCT GCC TTG GCA TGA 963 
Val Pro Ala Leu Ala 
320 
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Be^J#-t : 6 
E3»JOS3f : 9 4 2 

m®& : ~*m 

KfijOa^: cDNA 



: Haematococcus pluvial is 
tt* : NIBS-144 

ATG GTC GAG CAG AAA GGC ACT GAG GCA GCT GCT TCC AGC CCA GAC 45 
Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp 
15 10 15 

GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC GAG TCG 90 
Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser 
20 25 30 

TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA CCT CCA 135 
Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro 
35 40 45 

GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT GGC 180 
Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr lie He Gly 
50 55 60 

ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA 225 
Thr Trp Thr Ala Val Phe Leu His Ala He Phe Gin He Arg Leu 
65 70 75 

CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC 270 
Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 
80 85 90 

ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT 315 
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Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His He Ala 
95 100 105 

GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC 360 
Ala Val Phe He Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe lie 
110 115 120 

ACC ACA CAT GAC GCA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG 405 
Thr Thr His Asp Ala Met His Gly Thr He Ala Leu Arg His Arg 
125 130 135 

CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC 450 
Gin Leu Asn Asp Leu Leu Gly Asn He Cys lie Ser Leu Tyr Ala 
140 145 150 

TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG CAC TGG GAG CAC CAC 495 
Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His 
155 160 165 

AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA 540 
Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 
170 175 180 

AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC TTC ATG TCC AGC TAC 585 
Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr 
185 190 195 

ATG TCC CTG TGG CAG TTT GCC CGG CTG GCA TGG TGG GCA GTG GTG 630 
Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Val 
200 205 210 

ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT CTC CTA GTC TTC ATG 675 
Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val Phe Met 
215 220 225 

GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC CTC TTC TAC TTC GGC 720 
Ala Ala Ala Pro lie Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly 
230 235 240 
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ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT CCA GCA GGC TCT 765 
Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser 
245 250 255 

CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA AGT GAG GCA TCT GAT 810 
Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 

260 265 270 

GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT GAC CTG CAC TGG GAG 855 
Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu 

275 280 285 

CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC TGC 900 
His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

290 295 300 

CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGA 942 
Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

305 310 313 

BB?iJ#^ : 7 

nmoMiZ : 8 6 7 

leyiJOS! : &g$ 

mv>& : -*« 

h#D5>- : BUM* 

smomm : c DNA 

: Haematococcus pluvial is 
: NIBS-144 

ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC 45 
Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His 
15 10 15 
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GCC TAC AAA CCT CCA GCA TCT CAC GCC AAG GGC ATC ACG ATG GCG 90 
Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr Met Ala 
20 25 30 

CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA 135 
Leu Thr lie He Gly Thr Trp Thr Ala Val Phe Leu His Ala He 
35 40 45 

TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG 180 
Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu 
50 55 60 

CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC 225 
Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser 
65 70 75 

CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC 270 
Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 
80 85 90 

ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG CAT GGC ACC ATA 315 
Thr Gly Leu Phe lie Thr Thr His Asp Ala Met His Gly Thr lie 
95 100 105 

GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC 360 
Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys 
110 115 120 

ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG 405 
He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys 
125 130 135 

CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT 450 
His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro 
140 145 150 

GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC 495 
Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser 
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155 160 165 

TTC ATG TCC AGC TAC ATC TCC CTG TGG CAG TTT GCC CGG CTG GCA 540 
Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 
170 175 180 

TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT 585 
Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 

185 190 195 

CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC 630 
Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg 

200 205 210 

CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC 675 
Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly 

215 220 225 

CCT GCA GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA 720 
Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr 

230 235 240 

ACT GAG GCA TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT 765 
Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe 

245 250 255 

GAC CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG 810 
Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp 

260 265 270 

CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT 855 
Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro 

275 280 285 

GCC TTG GCA TGA 867 
Ala Leu Ala 
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f 176 185 194 203 212 29i 

SS Stf SI? Sft l CG ff A CTA ATG CTC GAG CAG *** CCC AGT GAG GCA GCT GCT 
2*n S " A iS Leu Met Val Glu Gln **« G1 V s « Glu Ala Ala Ala 
239 248 257 266 275 

Iff sff ffi Stf S TC T G AGA GCG TGG GCG ACA CAG TAT CAG ATG CCA TCC GAG 
op! P al ^ Ar9 Ala Tr P Ala Thr Glft T y f His Met Pro Ser Glu 
284 293 302 311 320 329 

Iff If r f « f? A f? T CGT CCT GCG CTA AAG CAC GCC TAG AAA CCT CCA GCA TCT 
Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro Ala Ser 

JJB 347 3 56 365 374 333 

f«f f ff ^f r? C r? C *S G ATG GCG CTG ACC ATC ATT GCC ACG TGG ACC GCA GTG 
Asp Ala Lys Gly lie Thr Met Ala Leu Thr lie He Gly Thr Trp Thr Ala Val 

392 4 °1 410 419 428 437 

Phi IIu £ tf f? A r? A Ik T ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC 

Phe Leu His Ala lie Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His 

446 4S5 464 473 482 491 

lit lit III S*? I CC S** GCC ACA GCC CAG CTT TTG GGC GGA AGG AGG AGG CTA 
Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu 

500 509 518 527 536 545 

lit Hif Ilf ffl Sf* S T f ll C A " GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC 
Leu His Ala Ala Val Phe lie Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe 
554 563 572 581 590 599 

ill rff rfr ft T f AC f CA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG CAG CTC 
Inf 8 ASP Met Hls Thr Ile Ala Leu Ar 9 His Arg Gin Leu 
608 617 626 635 644 653 

A?n tsl III f! T r GC AAC A T C TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC 
Asp Leu Leu Gly Asn Ile Cys Ile Ser Leu Tyr Ala Trp Phe Asp Tyr Ser 

652 671 680 689 698 707 

hII lit Sil fff AAC f AC I GG GAG CAC CAC ** C CAT ACT GGC GAA G TG GGG AAA 
Met Leu His Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 

6 725 734 743 752 76i 

A» HI 1 « Ilf f AC AAG ? GA AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC TTC 
Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe 

0 779 788 797 806 8 1 5 

tilt Iff tff l k ° t T ? l CC CTG TGG CAG TTT GCC CGG CTG GCA TGG TGG GCA GTG 

*V* yr Bt ffS Leu Tr -° Gln Phe Ala A -9 Leu Ala Tro Trp Ala Val 

824 833 842 851 860 869 

wll nit Utt til f TG S GG GCG CCC ATG GCA AAT C TC CTA GTC TTC ATG GCT GCA 
val Met Gln Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val Phe Met Ala Ala 

88 887 896 905 914 923 

Sf pf a rlf l 7 ° I" ff A T l C CGC CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC 
Ala Pro lie Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His 

941 950 959 968 977 

pfl tit ff A r GC f CT f CA GCA GGC TCT C*G GTG ATG GCC TGG TTC AGG GCC 
Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser Gln Val Met Ala Trp Phe Arg Ala 
986 995 1004 1013 1022 1031 

£f rtr sf I r AG f? A I CT GAT GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT Ga8 
Lys Thr Ser Glu Ale Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe Aso 
1040 1049 1058 1067 1076 108S 

25 SiJ lit til Sif ft C AGG TGG CCC " T GCC CCC TGG TGG CAG CTG CCC CAC 
Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp Gln Leu Pro His 

1094 1103 H12 1121 1130 

Iff fff f GC f TG I CC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGA 
Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala ••• 

1 

D 
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B 

T *97 206 215 224 233 242 

tit tit tit tit ?** tt° c GT GAG GCA GCT GCT TCC AGC CCA °AC GTC TTG AGA 
Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp Val Leu Arg 

251 260 269 278 287 296 

ttt Itt x CG JS* r A ° I AT CAC ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT 
Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro 
305 314 323 332 341 350 

ttt tit Itt S AC GCC I AC *** CCT CCA GCA TCT GAC GCC ^ GGC ATC ACG ATG 
Ala Leu Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly He Thr Met 

J3S 358 377 386 39s 404 

tit tit Thr T? T r? C i CC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA 

Ala Leu Thr He .He Gly Thr Trp Thr Ala Val Phe Leu His Ala lie Phe Gin 

413 422 431 440 449 4S8 

ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC 

He Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 

476 485 494 503 512 

Thr A?- r A « r TT T G 2? C S GA AGC AGC AGC GTA CTG CAC ATC GCT GCA GTC TTC 
Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His lie Ala Ala val Phe 
521 530 539 548 557 S66 

«I SI? til r AG ll C ? TG TAC ACT GGT CTA TTC ATC ACC CAT GAC GCA ATG 

lie Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met 
584 593 502 611 620 

til tit Thr ?? A GCT P G AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC ATC 
His Gly Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn He 
638 647 656 665 674 

Itt Tl« Itt CTG J AC GCC TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG CAC TGG 
Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp 
683 692 701 710 719 728 

Glu tit tit £t til is T ? GC GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA 
Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 
J 746 755 764 773 7B2 

£n Pro G GC - 22 S TC S" J GG TTC GCC AGC TTC ATG TCC AGC TAC ATG TCC CTG 
Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr Met Ser Leu 

91 800 809 818 827 836 

Itt Gin Phi ttt CGG CTG GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG 
Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala 

845 854 863 872 881 890 

ttt tit ttl AAT CTC r TA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC 

Pro Met Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe 

899 908 917 926 935 944 

CGC CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA 

Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala 

953 962 971 980 989 998 

Ala ttt III tit S TG « TG GCC TGG TT ° AGG GCC AAG ACA ACT GAG GCA TCT GAT 

y ion7 \o?c Ala Trp Pne Ar « Ala l *» Thr s « Glu Ala Ser Asp 

1007 1016 1025 1034 1043 1052 

til tit S G r lit CTG £ A J GC TAC CAC " T GAC CTG GAC TGG GAG CAC CAC AGG 
inSf *M™ CyS Tyr His pne ASP L«u His Trp Glu His His Arg 

1061 1070 1079 1088 1097 \\al 

Irl Pro HI ttt ttt l GG l GG 5 AG CTG CCC CAC TGC «C CGC CTG TCC GGG CGT 
Trp Projhe Ala Pro^Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg 

GGC CTG GTG CCT GCC TTG GCA TGA 
Gly Leu Val Pro Ala Leu Ala ••• 

i 
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f 272 281 290 299 308 in 

tit Pro III rt G I CG c CA GAC GCA GCT CCT CCT GCG «A *™ CAC GCC TAC AAA 
Met Pro Ser Clu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Ly, 

326 335 3<« 353 362 371 

■ III lit GCA I" GAC GCC AAG GGC ATC ACC ATG GCG CTG A" ATC ATT CGC ACC 
Pro Pro Ala Ser Asp Ala Lys Cly lie Thr Met Ala Leu Thr He He Gly Thr 
380 389 398 407 416 425 

lit Thr GCA SI? U T T TA S AC GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG 
Trp Thr Ala Val Phe Leu His Ala He Phe Gin He Arg Leu Pro Thr Ser Met 

434 4< 3 452 461 470 479 

f AG GAG fH GAC J GG TTG CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA 
Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly 

488 497 506 515 524 533 

sll stl *fr T C I A CTG S AC A T C GCT GCA GTC TTC ATT G TA CTT GAG TTC CTG TAC 
Ser Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 

542 551 560 569 578 5H7 

T*hr «3 lit 11° t? C i CC ACA CAT GAC GCA ATG CAT GGC A =C ATA GCT TTG AGG 
Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr He Ala Leu Arg 

60S 614 623 632 641 

*lt rtn f TC ?** GAT CTC CTT GGC AAC ATC TGG ATA TCA CTG TAC GCC TGG 
His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys He Ser Leu Tyr Ala Trp 
650 659 668 677 686 695 

51 £S ?vr sfr Mir t CTG S AT CGC CAC TGG GAG CAC CAC ™ CAT ACT GGC 
Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His Asn His Thr Gly 

704 713 722 731 740 749 

SI? r?S ?** GAC S CT GAC TTC CAC ^ GGA CCC GGC C TT GTC CCC TGG 

Glu val Gly Lys Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp 
"67 776 785 794 803 

Phf 111 stl plf. m TG I CC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG CTG GCA 
Phe Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 
812 821 830 839 848 857 

lit lit f C » SI? S T ? t 7G CAA ATG G TG GGG GCG CCC ATG GCA AAT CTC CTA GTC 
Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val 
875 884 893 902 911 

She tit til °? A ?? C CCA A ? C TTG TCA GCA TTC CGC CTC TTC TAC TTC GGC ACT 
Pne Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly Thr 
920 929 938 947 gss 965 

Itt lit S™ %° AAG CCT GAG CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC 
Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala 
4 983 992 1001 1010 10^ 

lit III ill ?? C AAG ££* AGT GAG GCA TCT GAT GTG ATG ACT TTC CTG ACA TGC 

Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys 

1028 1037 1046 10SS 1064 1073 

Tvr III pTI ? AC CTG S AC TCG GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG 

y im$ P LeU ,^f Trp Glu His His Ar 9 Trp Pro Phe Ala Pro Trp Tro 

1082 109 1 1100 ' 1109 1118 112*7 

lit lit III »t C l G ° CGC CGC CTG TCC CGG CGT GGC CTG GTG CCT GCC TTG GCA 

Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

TGA A 

D 
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30 60 
CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 
GCCCCGTTGA GTTCTTTAAG TTGTCGACGT TCGCGCGGGG TCGGAGTGTC GCGGTTCACT 



90 

GCTATCGACG TGGTTGTGAG CGCTCGACGT 
CGATAGCTGC ACCAACACTC GCGAGCTGCA 



CTCCGTCCTC 
GAGGCAGGAG 

B 

cggcactaIt 
gccgtgatta 



GAGCGTGGGC 
CTCGCACCCG 



150 

TGCCAAATCT CGCGTCGGGG 
ACGGTTTAGA GCGCAGCCCC 

210 

GGTCGAGCAG AAAGGCAGTG 
CCAGCTCGTC TTTCCGTCAC 

c 

J 270 

G AC AC AG TAT CACATGCCAT 
CTGTGTCATA GTGTACGGTA 



120 

GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 
CCAGGTGACT GCCCGGACAC TCGGAGACGC 

A 

■A 



CCTGCCTAAG TCGAAGJ 



180 

TG CACGTCGCAT 



GGACGGATTC AGCTTCTTAC GTGCAGCGTA 

240 

AGGCAGCTGC TTCCAGCCCA GACGTCTTGA 
TCCGTCGACG AAGGTCGGGT CTGCAGAACT 

300 

CCGAGTCGTC AGACGCAGCT CGTCCTGCGC 
GGCTCAGCAG TCTGCGTCGA GCAGGACGCG 



330 360 
TAAAGCACGC CTACAAACCT CCAGCATCTG ACGCCAAGGG CATCACGATG GCGCTGACCA 
ATTTCGTGCG GATGTTTGGA GGTCGTAGAC TGCGGTTCCC GTAGTGCTAC CGCGACTGGT 

390 420 
TCATTGGCAC CTGGACCGCA GTGTTTTTAC ACGCAATATT TCAAATCAGG CTACCGACAT 
AGTAACCGTG GACCTGGCGT CACAAAAATG TGCGTTATAA AGTTTAGTCC GATGGCTGTA 

450 480 
CCATGGACCA GCTTCACTGG TTGCCTGTGT CCGAAGCCAC AGCCCAGCTT TTGGGCGGAA 
GGTACCTGGT CGAAGTGACC AACGGACACA GGCTTCGGTG TCGGGTCGAA AACCCGCCTT 

510 540 
GCAGCAGCCT ACTGCACATC GCTGCAGTCT TCATTGTACT TGAGTTCCTG TACACTGGTC 
CGTCGTCGGA TGACGTGTAG CGACGTCAGA AGTAACATGA ACTCAAGGAC ATGTGACCAG 

570 600 
TATTCATCAC C AC AC AT G AC GCAATGCATG GCACCATAGC TTTGAGGCAC AGGCAGCTCA 
ATAAGTAGTG GTGTGTACTG CGTTACGTAC CGTGGTATCG AAACTCCGTG TCCGTCGAGT 

630 660 
ATGATCTCCT TGGCAACATC TGCATATCAC TGTACGCCTG GTTTGACTAC AGCATGCTGC 
TACTAGAGGA ACCGTTGTAG ACGTATAGTG ACATGCGGAC CAAACTGATG TCGTACGACG 

690 720 
ATCGCAAGCA CTGGGAGCAC CACAACCATA CTGGCGAAGT GGGGAAAGAC CCTGACTTCC 
TAGCGTTCGT GACCCTCGTG GTGTTGGTAT GACCGCTTCA CCCCTTTCTG GGACTGAAGG 

750 780 
ACAAGGGAAA TCCCGGCCTT GTCCCCTGGT TCGCCAGCTT CATGTCCAGC TACATGTCCC 
TGTTCCCTTT AGGGCCGGAA CAGGGGACCA AGCGGTCGAA GTACAGGTCG ATGTACAGGG 

810 840 
TGTGGCAGTT TGCCCGGCTG GCATGGTGGG CAGTGGTGAT GCAAATGCTG GGGGCGCCCA 
ACACCGTCAA ACGGGCCGAC CGTACCACCC CTCACCACTA CGTTTACGAC CCCCGCGGGT 
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TGGCAAATCT CCTAGTCTTC ATGGCTGCAG CCCCAATCTT GTCAGCATTC CGCCTCTTCT 
ACCGTTTAGA GGATCAGAAG TACCGACGTC GGGGTTAGAA CAGTCGTAAG GCGGAGAAGA 
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yju — 
ACTTCGGCAC TTACCTGCCA CACAAGCCTG AGCCAGGCCC TGCAGCAGGC TCTCAGGTGA 
TGAAGCCGTG AATGGACGGT GTGTTCGGAC TCGGTCCGGG ACGTCGTCCG AGAGTCCACT 

990 1020 
TGGCCTGGTT CAGGGCCAAG ACAAGTGAGG CATCTGATGT GATGAGTTTC CTGACATGCT 
ACCGGACCAA GTCCCGGTTC TGTTCACTCC GTAGACTACA CTACTCAAAG GACTGTACGA 

1050 1080 
ACCACTTTGA CCTGCACTGG GAGCACCACA GGTGGCCCTT TGCCCCCTGG TGGCAGCTGC 
TGGTGAAACT GGACGTGACC CTCGTGGTGT CCACCGGGAA ACGGGGGACC ACCGTCGACG 

1110 1140 
CCCACTGCCG CCGCCTGTCC GGGCGTGGCC TGGTGCCTGC CTTGGCATGA CCTGGTCCCT 
GGGTGACGGC GGCGGACAGG CCCGCACCGG ACCACGGACG GAACCGJACT GGACCAGGGA 

1170 D 1200 

CCGCTGGTGA CCCAGCGTCT GCACAAGAGT GTCATGCTAC AGGGTGCTGC GGCCAGTGGC 
GGCGACGACT GGGTCGCAGA CGTGTTCTCA CAGTACGATG TCCCACGACG CCGGTCACCG 

1230 1260 
AGCGCAGTGC ACTCTCAGCC TGTATGGGGC TACCGCTGTG CCACTGAGCA CTGGGCATGC 
TCGCGTCACG TGAGAGTGGG ACATACCCCG ATGGCGACAC GGTGACTCGT GACCCGTACG 

1290 1320 
CACTGAGCAC TGGGCGTGCT ACTGAGCAAT GGGCGTGCTA CTGAGCAATG GGCGTGCTAC 
GTGACTCGTG ACCCGCACGA TGACTCGTTA CCCGCACGAT GACTCGTTAC CCGCACGATG 

1350 1380 
TGACAATGGG CGTGCTACTG GGGTCTGGCA GTGGCTAGGA TGGAGTTTGA JGCATTCAGT 
ACTGTTACCC GCACGATGAC CCCAGACCGT CACCGATCCT ACCTCAAACT ACGTAAGTCA 

1410 1440 
AGCGGTGGCC AACGTCATGT GGATGGTGGA AGTGCTGAGG GGTTTAGGCA GCCGGCATTT 
TCGCCACCGG TTGCAGTACA CCTACCACCT TCACGACTCC CCAAATCCGT CGGCCGTAAA 

1470 1500 
GAGAGGGCTA AGTTATAAAT CGCATGCTGC TCATGCGCAC ATATCTGCAC JCAGCCAGGG 
CTCTCCCGAT TCAATATTTA GCGTACGACG AGTACGCGTG TATAGACGTG TGTCGGTCCC 

1530 1560 
AAATCCCTTC GAGAGTGATT ATGGGACACT TGTATTGGTT TCGTGCTATT GTTTTATTCA 
TTTAGGGAAG CTCTCACTAA TACCCTGTGA ACATAACCAA AGCACGATAA CAAAATAAGT 

1590 1620 
GCAGCAGTAC TTAGTGAGGG TGAGAGCAGG GTGGTGAGAG TGGAGTGAGT GAGTATGAAC 
CGTCGTCATG AATCACTCCC ACTCTCGTCC CACCACTCTC ACCTCACTCA CTCATACTTG 

16S0 1611 
CTGGTCAGCG AGGTGAACAG CCTGTAATGA ATGACTCTGT CTAAAAAAAA AAAAAAA 
GACCAGTCGC TCCACTTGTC GGACATTACT TACTGAGACA GATTTTTTTT TTTTTTT 
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10 20 30 40 50 60 

CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 

70 BO 90 100 110 120 

GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 

130 140 150 160 Jl70 180 

CTGCGTC<j£C TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGfElSI CACGTCGCAT 

7 1 T 90 200 210 220 230 240 

CGGCACTaEOsTCGAGCAG AAAGGCAGTG AGGCAGCTGf ttccagccca GACGTCTTGA 

250 260 9 270 280 31 290 300 

GAGCGTGGGC GACACAGTAT CACgl&CAT CCGAGTCGTC AGACGCAGCT CGTCCTGCGC 

310 320 ^ 2 3 3 0 3 4 0 3 5 0 3 60 

TAAAGCACGC CTACAAACCT CCAGCATCTG ACGCCAAGGG CATCACGgH GCGCTGACCA 

V" 380 6 390 400 410 420 

TCATTGGCAC CTGGACCGCA GTGTTTTIAC ACGCAATATT TCAAATCAGG CTACCGACAT 

430 440 450 460 470 480 

ccS!3;acca gcttcactgg TTGCCTGTGT ccgaagccac agcccagctt TTGGGCGGAA 



11/12 



WO 96/06172 



9H 2H 



PCT/J.P95/0I640 



123456 7 89 




1 2/1 2 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP95/01640 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. Cl6 C12N15/53, C12N9/02, C12P7/26, C12N1/21 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 6 C12N15/53, C12N1/21, C12N9/02, CI2P7/26 



Documenution searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CAS ONLINE , BIOSIS, WPI/WPIL 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO, 9406918, A 
March 31, 1994 



(Gist-Brocades NV. ) 
(31. 03. 94) 



& EP, 586751, A & JP, 7-501225, A 

EP, 474347, A (Uniliver Pic, Quest Int. 
March 11, 1992 (11. 03. 92) 
& JP, 5-076347, A 



BV. ) 



1 - 23 



1 - 23 



FEBS Lett. Vol. 364, No. 2 (1995), Lotan T et 
al., "Clowing and expression in Escherichia 
Coli of the gene encoding beta-C-4-oxygenase , 
that converts beta-carotene to the 
Ketocarotenoid Canthaxanthin in Haematococcus 
pluvialis" p. 125-128 

WO, 9518220, A (KIRIN Beer KK) , 
July 6, 1995 (06. 07. 95) 



Biotechnology Techniques Vol. 8, No. 1 (1994) 



1, 5-8, 16-19, 
21-23 

2-4, 
9-15, 20 



1, 5-8, 16-19, 
21-23 

2-4, 

9-15, 20 
1 - 26 



"x| Further documents are listed in the continuation of Box C. See patent family annex. 



44 0" 
P" 



Special categories of dted l 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier document but published oa or after the international filing dale 
document which may throw doubts on priority dainx» or which is 
cited to establish the publication dale of another citation or other 
special reason (as specified) 

document referring to sa oral disclosure, use, exhibition or other 



document published prior to the international filing date but later than 
the priority date claimed 



T* Utt» document pubiiahed after the in lernational filing date or priority 
dale and not in conflict with the application but dted to understand 
the principle or theory underlying the invention 

M X M document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

T N doc um ent of particular relevance; the d aimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other euch documents, such combination 
being obvious to a person skilled in the art 

"it" document member of the same patent family 



Date of the actual completion of the international search 
November 14, 19 95 (14. 11. 95) 


Date of mailing of the international search report 
November 28, 1995 (28. 11. 95) 


Name and mailing addreaa of the ISA/ 

Japanese Patent Office 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT International application No. * 

PCT/JP95/01640 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 




Meyer P. S. et al., "Genetic analysis of 
astaxanthin-Overproducing mutants of Phaffia 
rhodozyma using RAPDs " p. 1-6 





Form PCT/1SA/210 (continuation of aecood sheet) (July 1992) 



m m m & « & 




pct/jp 95/01640 


A. fc<W<DStT*#»<D#» (HR«»»» (IPC) ) 

Int. CZ* CI 2N1 5/5 3 , 
C12N1/21 


01 2N9/02 


, C12P7/26, 


B. BUE£It 


«E£fTofca/M5Sm (SIIRttft#9t (IPC)) 

Int. CZ* 012N1 5/5 3 , 
0 1 2P7/2 6 


01 2N 1/2 1 


, C 1 2N9/0 2 , 



OAS ONLINE, BIOSIS, WPI/WPIL 















A 


WO, 9 4069 1 8, ACQiat-Brocadea NV. ), 


1-23 




3 1. 3£. 1 9 9 4 ( 3 1. 03. 94) 






&E P, 58 6 7 5 1, A6JP, 7-50 12 25, A 




A 


BP, 47434 7, A(Un Hirer Pic, Qneat Int. 


1-2 3 




BV. 






1 1. 3R. 1992(1 1. 0 3. 92) 






& J P, 5-0 7 6 3 4 7, A 





7J c«®ttaKfcx«#H**ftTt**« 



■RME«S7U:B 

1 4. 1 1. 9 5 



BMUfffr<Dft3B 



28.JI.95 



B *H1$^Ff (ISA/JP) 



« p n 



0 



4 B 



9 3 5 9 

— I 1 1 



9&t* 03-3581-1101 na 3449 



•ICPCT/I SA/2 1 0 (I 9 9 2*7fl) 



PI M £ ft & 



9S 7 Q 16 4 0 



tin*)-* 



PA 



PA 



FEBS Lett. $3 64#, ^2^( 1 9 9 5 ), 
Lotan T et al. , ("Clowing and expression 
in Escherichia Coli of the gene encoding 
beta— C— 4 — oxygenase, that converts beta- 
carotene to the Ke t o c a r o t e no i d 
Can thaxan t h i n in Ha ema t o c o c c u s pluvialisj 
p. 1 2 5- 1 2 8 

WO, 9 5 1 8 2 2 0, ACKIRIN Beer KK), 
6. 7 8. 1 9 9 5 ( 0 6. 0 7- 9 5 ) 



Biotechnology Techniques $.8%, 31 1 # 
( 1 9 9 4 ), Meyer P. S. e t a 1. , TQenet I c 
analysis of astaxanthi n— Ot erproduc ing 
mutants of Phaffia rhodozyma using 
RAPDsJ p.1-6 





1-26 • 



*JCPCT/i SA/2 1 0 (*2^-^<OHi> ( 1 9 9 2*7/1) 



